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Abstract

Background and objectives: Interscalene nerve blocks (ISB) have been associated with the rare complication
of persistent diaphragmatic paralysis. Little is known regarding patient susceptibility or technical factors that may
contribute to the development of this debilitating adverse reaction.

Methods: An observational study was performed between 2009 and 2014 to compare two groups of patients who
received ISB for upper extremity surgery. Patient demographic factors, co-morbidities, and technical aspects of the
nerve block were reviewed and compared in two groups: 50 consecutive patients receiving ISB without
consequence at a university-based hospital and affiliated outpatient surgery center (Group I); 29

patients with persistent diaphragmatic paralysis after ISB evaluated and treated at a tertiary referral center (Group
II). We analyzed the following patient factors between groups: age, sex, BMI, laterality, history of peripheral or
diabetic neuropathy, prior nerve blocks, and underlying cervical spondylosis. An assessment of technical aspects of
the nerve block was also performed.

Results: In Group I there was 26 females and 24 males with an average age of 55, whereas in Group II there
were 4 females and 25 males with an average age of 58. There was no significant difference between groups for
BMI (mean=36 vs. 30) or laterality (Left=38% vs. 31%), however there were a significantly higher proportion of
males in Group II (p<0.01). No difference was demonstrated between groups for peripheral or diabetic neuropathy,
whereas prior ipsilateral blocks and cervical spondylosis were significantly more prevalent in Group II (p<0.01 &
p<0.01, respectively). In Group I, 86% of patients received blocks performed with either nerve stimulator (64%) or
ultrasound (22%) guidance, and 10% using both modalities. This contrasts to 79% of patients in Group II whose
blocks were performed using either nerve stimulator (24%) or ultrasound (55%) guidance, and 6% in combination.

Conclusion: Both patient factors and technical aspects of ISB may impact occurrence of persistent
diaphragmatic paralysis. Use of ultrasound and nerve stimulator guidance can improve accuracy and reduce
associated tissue inflammation, and there should be a redoubling of efforts to ensure technical expertise with these
modalities in clinical practice.
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Introduction
The incidence of persistent diaphragmatic paralysis after ISB is not

precisely known, however has been estimated to be one percent or less
[1]. Alternatively, transient paralysis of the diaphragm after ISB due to
the local anesthetic effect has been widely reported [1-3]. Early reports
cite incidences approaching 100%, however with modified anesthetic
regimens and use of ultrasound and/or nerve stimulators, the
likelihood appears to be much lower [2-4]. Regional anesthesia experts
have not been able to elucidate the cause(s) of persistent diaphragmatic
paralysis, yet this rare, debilitating event remains a common topic of
discussion. There has been much debate concerning the patient factors

and technical variations that may lead to diaphragmatic paralysis, but
without much supporting evidence to date.

Numerous pathogenic processes may cause an insult to a peripheral
nerve resulting in segmental ischemia and muscular paralysis [5]. The
inciting event may be a mechanical process (i.e. compression, traction,
piercing), or pharmacologic toxicity, but the pathological result is often
the same-loss of the myelin sheath and/or axons resulting in a
conduction delay or block, and leading to persistent muscular
paralysis. In the case of the diaphragm muscle, the insult may impact
the 3rd through 5th cervical roots, and/or phrenic nerves. Although
diaphragmatic paralysis is easily diagnosed on chest fluoroscopy with
inspiration (sniff testing) or ultrasound, the ability to localize and
quantitate injury to this neural system is not possible with any current
radiographic imaging modalities. Clinicians must rely instead on
electro diagnostic testing [diaphragm electromyography (EMG) and
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phrenic nerve conduction testing (NCS)] to confirm and quantify the
extent of cervical root and/or phrenic nerve damage.

Although unilateral diaphragmatic paralysis is sometimes
considered a condition that is relatively well-tolerated, there are often
deficits in respiratory activity and physical functioning that have major
consequences as reported on quality of life surveys [6]. The literature is
vague regarding whether individuals with unilateral paralysis are more
susceptible to co-morbid respiratory conditions such as pneumonia or
sleep disordered breathing, however it is conceivable that diminution
of lung expansion as a result of the elevated diaphragmatic position has
a negative impact on overall respiratory well-being.

The aim of the current study is to investigate associations between
ISB and persistent diaphragmatic paralysis. The observational study
design includes careful evaluation of possible patient susceptibility
factors, such as pre-existing cervical spondylosis or diabetic peripheral
neuropathy, as well as technical aspects of the ISB (i.e. anesthetic agent,
ultrasound guidance, and type of needle used). Our goal is to enhance
current knowledge regarding susceptibility and causation of this
adverse event following ISB to reduce or eliminate its occurrence for
regional anesthesia practitioners.

Materials and Methods
The study design matched patients with persistent diaphragmatic

paralysis after ISB to patients who had ISB without complication
between 2009 and 2014. Groups were matched based upon receiving
ISB for upper extremity surgery and during the same time period at
accredited inpatient or outpatient surgical facilities. Patients were
excluded if they had pre-existing diaphragmatic paralysis or a history
of exertional dyspnea.

Group I consisted of 50 consecutive patients receiving ISB without
consequence at a university-based hospital and affiliated outpatient
surgery center in central New Jersey (Jersey Shore University Medical
Center, Neptune, NJ). Group II was comprised of 29 patients
diagnosed with persistent diaphragmatic paralysis after ISB that had
been performed at various inpatient and outpatient centers throughout
the United States. These patients were actively seeking specialized
medical care for their symptomatic condition and travelled to one of
our multidisciplinary referral centers for surgical treatment (Center for
Treatment of Paralysis and Reconstructive Nerve Surgery, Neptune, NJ,
and Phrenic Nerve Reconstruction Program, Division of Plastic &
Reconstructive Surgery, UCLA Medical Center, Los Angeles, CA).
Details of phrenic nerve reconstruction for treatment of persistent
diaphragmatic after ISB can be found in prior publications [7-10].

Patients in Group I did not report any early or late respiratory
symptomatology following ISB, therefore there was no indication to
undergo any follow-up testing for diaphragmatic paralysis. All patients
in Group II underwent an extensive diagnostic evaluation to confirm
and quantitate the diaphragmatic paralysis. Diagnostic testing

included: chest fluoroscopy (sniff testing), pulmonary function testing,
maximal inspiratory pressure assessment, electrodiagnostic evaluation
(phrenic NCS & diaphragmatic EMG), MRI cervical spine, and CT
neck & chest. Diagnosis of persistent diaphragmatic paralysis was
made when the patient exhibited complete paralysis (or paradoxical
movement) on sniff testing, and abnormal (or absent) phrenic nerve
conduction and diaphragmatic motor amplitudes on electrodiagnostic
assessment. Furthermore, the injury had to be present for at least 8
months without any objective or subjective improvement.

Patient demographic factors and technical aspects of the nerve
block were reviewed and compared. IRB approval was obtained at our
host institution and the analysis was undertaken in accordance with
study approval. We analyzed the following patient factors between
groups: age, sex, BMI, laterality, history of peripheral or diabetic
neuropathy, prior nerve blocks (on the same side), and underlying
cervical spondylosis. A co-diagnosis of cervical spondylosis was based
upon patient self-reporting, diagnostic findings on cervical spine MRI,
and/or a history of prior cervical spine surgery.

An assessment of technical aspects of the nerve block was obtained
from operative and anesthesia reports, and included: type of surgical
procedure, use of ultrasound and/or a nerve stimulator, anesthetic
agent and dosing, use of epinephrine, type of needle, and application of
an indwelling catheter. During chart review there were noted to be
inconsistencies in the comprehensiveness of recorded information
provided in anesthesia reports from different institutions, therefore
missing data points are indicated in the presentation of results.

Results
In Group I there were 26 (52%) females and 24 (48%) males with an

average age of 55 ± 17, whereas in Group II there were 4 (14%) females
and 25 (86%) males with an average age of 58 ± 10 (Table 1). Chi-
square analysis revealed significance for male sex (48% vs. 86%), with a
significantly higher proportion of males in Group II (p<0.01). There
was no difference between groups for mean BMI (Group I=36 ± 8 vs.
Group II=30 ± 4) or laterality [Left sided injury: Group I=19 (38%) vs.
Group II=9 (31%)].

There was no statistical difference demonstrated between Groups I
and II for underlying peripheral or diabetic neuropathy (14% vs. 31%),
whereas a history of another ipsilateral nerve block prior to the ISB
(0% vs. 21%) and cervical spondylosis (12% vs. 45%) were significantly
more prevalent in Group II [(p<0.01) &( p<0.01), respectively].

Shoulder arthroplasty, arthroscopy, and rotator cuff repairs were the
most common surgical procedures in both Groups I (64%) and II
(89%). In Group I, 22% of patients underwent total shoulder
replacement, whereas in Group II this procedure was performed in 7%
of patients. The remaining procedures included various musculo-
tendinous and bony repairs of the hand, forearm, and upper arm.

Group I (n=50) Group II (n=29)

Age (mean) 55.3 58.2

Sex(#) (M/F) 24/26 25/4

BMI (mean) 36.2 20

Side(#)(L/R) 19/31 9/20
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Prior block (#) 0 3

Cervical Spondylosis (%) 12 45

Diabetic Neuropathy (%) 14 7

Peripheral Neuropathy (%) 0 24

Table 1: Demographic factors and co-morbid conditions in ISB cohorts.

In Group I, 86% of patients received blocks performed with either
nerve stimulator (64%) or ultrasound (22%) guidance, and 10% using
both modalities (Table 2). This contrasts to 79% of the 20 patients in
Group II (20/29 (69%) of anesthesia reports indicated use of
technological modalities) whose blocks were performed using either
nerve stimulator (24%) or ultrasound (55%) guidance, and 4% in
combination. A 2-sided Fisher exact test to compare Groups in the
application of at least one technological modality did not demonstrate
a difference (p=0.137).

In both groups the following individual or combination agents were
used to perform ISB: Bupivicaine, Lidocaine, Ropivicaine, or in
combination. Ropivacaine (66%) was the most common anesthetic
agent used in Group I, followed by bupivacaine (34%), whereas in

Group II lidocaine (45%) was used most commonly followed by
ropivacaine (24%). In 70% of Group I patients and 60% of Group II
patients, 30 or 40 mL anesthetic volumes were used regardless of
agents(s). Epinephrine was used in 19 patients (38%) in Group I and 7
patients (24%) in Group II. In Group I all patients received ISB with a
21 or 22-gauge Tuohy needle (B. Braun, Bethlehem, PA), whereas in
the 55% of Group II anesthesia reports that indicated needle size, a 22-
gauge was used in 10 patients (63%), 18-gauge in 5 patients (31%), and
20-gauge in 1 patient (6%). Indwelling catheters remained in place for
post-operative pain relief in 3 patients (10%) in Group II (for an
average of 2.7 ± 1.5 days) and were not used in any patients (0%) in
Group I.

Group I Group II

Technological Guidance (69% of reports)

No guidance (%) 4 (N=2) 15 (N=3)

Ultrasound guidance (%) 22 (N=11) 55 (N=11)

Nerve Stimulator guidance (%) 64 (N=32) 24 (N=5)

Both (%) 10 (N=5) 6 (N=1)

Anesthetic agent (%)

Bupivicaine 34 (N=17) 4 (N=1)

Ropivacaine 66 (N=33) 24 (N=4)

Lidocaine 0 (N=0) 45 (N=9)

Other 0 (N=0) 27 (N=6)

Needle gauge, (%) (55% of reports)

18 0 (N=0) 31 (N=5)

20 0 (N=0) 0 (N=0)

21 10 (N=5) 6 (N=1)

22 90 (N=45) 63 (N=10)

Epinephrine (%) 38 (N=19) 24 (N=4)

Indwelling catheter (#) N=0 N=3

Table 2: Technical aspects of ISB in cohorts.

Discussion
ISB is a well-established regional anesthetic technique with

demonstrated value for upper extremity surgery, particularly of the

shoulder [11-14]. The safety of the procedure and the extremely low
risk of adverse events have been well documented in the literature
[15-17]. Critical analysis of persistent diaphragmatic paralysis after
ISB, a complication that occurs infrequently, can only assist in
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increasing the safety profile of the technique, and ensure that
practitioners optimize regional anesthetic care.

There are three questions that must be addressed in analyzing the
association between persistent diaphragmatic paralysis and ISB: 1. Are
there patients who may be susceptible to occurrence of this adverse
event?; 2. What are the technical aspects of the block that may
contribute to, or prevent this from happening?; 3. What is the
pathological process that leads to persistent diaphragmatic paralysis
after ISB?

Although there are limitations of this observational study (i.e. non-
randomized, retrospective chart review, unmatched groups), our
unique position to be able to evaluate and treat relatively large
numbers of patients with persistent diaphragmatic paralysis following
ISB justifies assessment with the current study design. This is especially
true since the literature is absent of any sort of outcomes analysis
addressing this topic and the relative rarity of the disorder makes
prospective analysis quite difficult.

Our observational study focused on patient demographics and co-
morbid conditions that may increase susceptibility to diaphragmatic
paralysis after ISB. We found there were a significantly higher
proportion of males in Group II. Although it could be suggested that
ISB is more technically difficult in males due to larger body habitus, we
did not find an association with increased BMI. Alternatively, it could
be related to the previously established notion that males have higher
rates of clinical and sub-clinical nerve compression injuries due to
sports and work-related trauma [16-18].

There was also a demonstrated association between cervical
spondylosis and diaphragmatic paralysis after ISB. Patients deemed to
have cervical spondylosis were grouped according to diagnostic MRI
findings, a history of cervical spine surgery, and/or self-reported
symptoms and prior treatment. The double-crush phenomenon has
been widely reported in the literature for various neuropathic
conditions throughout the body, but especially as it relates to a
susceptibility to carpal tunnel syndrome in patients with cervical
spondylosis [19-22]. Perhaps an otherwise insignificant inflammatory
process occurring around the phrenic nerve during ISB in patients
with cervical spondylosis is enough to result in clinical manifestation
of permanent diaphragmatic paralysis. It may be suggested that
clinicians consider enhanced screening and increased selectivity
during pre-operative anesthesia assessment.

Previous ISB on the same side was found to be a risk factor for
persistent diaphragmatic paralysis and ISB. There is the possibility of a
cumulative impact on the phrenic nerve with each successive block,
ultimately leading to diaphragmatic paralysis. It has been reported in
the peripheral nerve literature that repetitive insults or “mini-traumas”
to a nerve can be the etiology for various compression neuropathies
[23-25]. Patients being considered for ISB who have had prior blocks
could be sent for phrenic NCS and diaphragmatic EMG to look for
sub-clinical phrenic neuropathy. A better understanding of the
pathological process would assist in confirming or refuting the notion
that every ISB causes at least a minimal amount of peri-neural scar
following mechanical or pharmacological induced inflammation. The
pathological findings observed intra-operatively during phrenic nerve
reconstruction will be discussed below.

Consistent with numerous reports in the anesthesia literature, our
study findings appear to support the use of ultrasound and/or nerve
stimulator guidance when performing ISB [26-29]. Stundner et al.
found that ultrasound-guided ISB permitted low volume injection that

resulted in less central foraminal and aberrant spread, and extrapolated
the possibility of a lower risk profile. The precise localization of nerves
for accurate needle placement clearly reduces the chances of multiple
needle sticks, repetitive needle passes, and improper distribution of the
injected solution. Nerve stimulator guidance may also provide a means
to co-localize appropriate needle placement, however this device may
tend to be less specific when used alone [26]. Mejia-Terrazas et al.
compared ultrasound versus neurostimulation for ISB in a prospective
non-randomized study and concluded ultrasound-guided ISB is the
technique of choice based upon a statistically significant difference in
complication rates [29-31]. Current and future studies may address the
value of EMG recording during ISB as a way to determine if there is
diaphragmatic activity occurring concomitant with needle passage.
Jeong et al. in a prospective randomized evaluation of patients
undergoing ultrasound-guided ISB with nerve stimulation thresholds,
found a lower rate of intramuscular spreading of local anesthetic at 0.2
mA versus 0.5 mA [27].

Although prior studies have analyzed the anesthetic agents, dosing
regimens, and use of epinephrine for ISB, our results did not
demonstrate any to be a particular risk factor for persistent
diaphragmatic paralysis [32-34]. Alternatively, modified dosing
regimens have been shown to reduce occurrence of transient
diaphragmatic paralysis as part of the short-term anesthetic effect [35].
Furthermore, it has been reported that epinephrine has the potential to
act as a neurotoxic agent [36]. Whether use of epinephrine for ISB may
impart any negative consequences is unclear, however surgical
practitioners use local anesthesia and epinephrine routinely in
proximity to peripheral nerves without impactful clinical evidence to
support otherwise [37].

Additional technical factors that were analyzed for possible
association with diaphragmatic paralysis included, needle size and use
of indwelling catheters. Although we did not find a significant
association for either, it is reasonable to consider options expected to
create the least amount of peri-neural inflammation. This may include
smaller needle gauges and being very selective in whom post-operative
catheters are placed.

It is most difficult to address the third question regarding the exact
pathological process following ISB that results in persistent
diaphragmatic paralysis. Many theories abound, everything from the
phrenic nerve being “pierced” by the needle, to inflammation in
adjacent tissues that leads to phrenic nerve compression, and even that
paralysis occurs not from ISB at all, but rather from patient positioning
or a traction injury during the surgical procedure [38].

Although we may never completely know the exact mechanism, it is
possible to comment on the intra-operative findings from performing
phrenic nerve reconstruction on numerous patients with this
condition. In the majority of patients treated, there has been a
consistent finding of nerve degeneration at the C5 root contribution to
the phrenic nerve along the posterior portion of the anterior scalene
muscle (Figure 1).

Whereas both the proximal and distal portions along this neuraxis
typically appear to be of good integrity, the involved segment is
narrowed in caliber and exhibits an orange hue, a clear indication of
myelin sheath loss and axonal degeneration. Commonly, there are
dense fascial and vascular adhesions in the region that encompass the
phrenic nerve, findings that also support a compression neuropathy
(Figure 2).
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Figure 1: Atrophic segment of the phrenic nerve (arrow) at the C5
root (arrowhead) contribution along the posterior portion of the
anterior scalene muscle. The proximal and distal loops are on
relatively normal appearing phrenic nerve.

Figure 2: Perineural fibrosis and adhesions encompassing the
phrenic nerve (loops proximal and distal to adhesions).

Given these findings, it certainly appears that inflammation plays a
role in the nerve pathology, especially in susceptible patients. Thus,
every effort should be made to limit the inflammatory process during
ISB. This may include any or all of the following: ultrasound and/or
nerve stimulator guidance, smaller gauge needle, maximum number of
allowed needle sticks or passes, limited use of indwelling catheters, and
pre-operative steroids. Future studies should compare the possible
clinical benefits (versus cost) of implementing additional screening
measures (i.e. MRI cervical spine, phrenic NCS & diaphragmatic
EMG) for “at risk” patients.
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